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The present invention relates to a coated cutting tool 
(cemented carbide insert) particularly useful for wet and dry 
5 isilling of low and medium alloyed steels, with raw surfaces such 
as cast skin, forged skin, hot or cold rolled skin or pre -machined 

surfaces. 

When nil ling low and medium alloyed steels with cemented car- 
bide tools the cutting edge is worn according to different wear 

10 mechanisms, such as chemical wear, abrasive wear, adhesive wear 
and by edge chipping caused by cracks formed along the cutting 
edge, the so called comb cracks. 

The comb crack formation is particularly severe when wet mill- 
ing is employed (using coolant) . Coolant and work piece material 

:5 may penetrate and widen the comb cracks and the edge will start to 
chip. A chipped edge will generate a bad surface finish of the ma- 
chined component* 

Different cutting conditions require different properties of 
the cutting insert. For example, when cutting in steels with raw 

20 surface zones a coated cemented carbide insert must consist of a 
tough carbide and have very good coating adhesion. When milling in 
low alloyed steels the adhesive wear is generally the dominating 
wear type. Here preferably thin (1-3 um) CVD- or PVD-coa tings have 
to be used. 

-13 Measures can be taken to improve the cutting performance with 

respect to a specific wear type. However, very often such action 
will have a negative effect on other wear properties. 

The influence of some possible measures is given below: 
1 . ) Comb crack formation can be reduced by lowering the binder 
30 phase content. However, such action will lower the toughness pro- 
perties of the cutting inserts which is not desirable. 

2 . ) Improved abrasive wear can he obtained by increasing the 
coating thickness. However, thick coatings increase the risk for 
fiakir.g and will lower the resistance to adhesive wear. 
35 3 .) Killing at high cutting speeds and at high cutting edge 

temperatures requires a cemented carbide with a rather high amount 
of cubic carbides (solid solution of WC-TiC-TaC-NbC) . Such car- 
bides will more easily develop comb cracks. 
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So far it has been very difficult to improve all tool proper- 
ties simultaneously. Commercial cemented carbide grades have 
therefore been optimized with respect to one or few of these wear 
types and hence to specific application areas. 

Swedish patent application 9501286-0 discloses a coated cutting 
insert particularly useful for dry milling of grey cast iron. The 
insert is characterized by a straight WC-Co cemented carbide grade 
and a coating including a layer of TiCxNyO z with columnar grains 
and a top layer cf fine grained textured (X-AI2O3 . 

Swedish patent application 9S02640-7 discloses a coated turning 
insert particularly useful for intermittent turning in low alloyed 
steel. The insert is characterized by a WC-Co cemented carbide 
body having a highly w-alloyed Co-binder phase and a coating in- 
cluding a layer of TiC x NyO z with columnar grains and a top layer 
of a fine grained* textured CI-AI2O3 . 

Swedish patent application 9503056-5 discloses a coated turning 
cutting tool particularly useful for cutting in hot and cold 
forged low alloyed steel. The insert is characterized by a WC-Co 
cemented carbide body having a highly w-alloyed Co-binder phase 
and a coating including a layer of TiCxNyO z with columnar grains 
and a top layer of a fine-grained, CL-AI2O3 . 

It has now surprisingly been found that by combining many dif- 
ferent features a cutting tool for milling with excellent cutting 
performance in low and medium alloyed steel with or without raw 
surface zones both in wet and dry milling can be obtained. The 
cutting tool according to the invention shows improved properties 
with respect to many of the wear types earlier mentioned. 

The milling cutting insert according to the invention consists 
of: a cemented carbide body with a highly W-alloyed binder phase 
and with a well balanced chemical composition and grain size of 
the WC, a columnar TiC x NyO z - layer , a K-AI2O3- layer, a TiN-layer and 
optionally followed by smoothening the cutting edges by brushing 
the edges with e.g. a SiC based brush. 

Fig 1 is a micrograph in 10000 X magnification of a coated in- 
sert according to the present invention in which 
A - cemented carbide body 
B - T i C x NyO z - layer with equiaxed grains 
c - Tlc x NyO z - layer with columnar grains 
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D - K-A1 2 0 3 -layer with columnar like grains Hw*^ , 

E - TiX- layer preferred, could be an option 

According to the present invention a milling tool insert is 
provided with a cemented carbide body with a composition of 8.6- 
9.5 wt% Co, preferably 8*7-9.5 wt% Co, most preferably 8.8-9.4 wt% 
Co, 0.2-1.8 wt% cubic carbides, preferably 0.4-1.8 wt% cubic car- 
bides, most preferably 0.5-1.7 wt% cubic carbides of the metals 
Ta, Nb and Ti and balance WC. The cemented carbide may also con- 
tain other carbides from ele m ents from group XVb, Vb or VTb of the 
periodic table* The content of Ti is preferably on a level corre- 
sponding to a technical impurity. The average grain size of the WC 
is in the range of about 1.5-2 >im, preferably about 1 7 jim. 

The cobalt binder phase is highly alloyed with W. The content 
of W in the binder phase can be expressed as the CW-ratio= K s / 
(vt% Co • C.0161), where K*. is the measured saturation magnetiza- 
tion of the cemented carbide body and wt% Co is the weight per- 
centage of Co in the cemented carbide. The CW-value is a function 
of the W content in the Co binder phase. A low CW-value corre- 
sponds to a high W-content in the binder phase. 

It has now been found according to the present invention that 
improved cutting performance is achieved if the cemented carbide 
body has a CW-ratio of 0.78-0.93, preferably 0.80-0.91, and most 
preferably 0.82-0.90. The cemented carbide may contain small 
amounts, < 1 volume %, of T]-phase (K 6 C) , without any detrimental 
effect. From the CW-value it follows that no free graphite is al- 
lowed in the cemented carbide body according to the present inven- 
tion. 

The cemented carbide body may contain a thin (about 5-25 Jim) 
surface zone depleted in cubic carbides and often enriched in 
binder phase according to prior art such as disclosed in US 
4,610,931. In this case the cemented carbide may contain carbo- 

nitride or even nitride. 
The coating comprises 

- a first (innermost) layer of TiC x NyO z with x+y*z=l, prefer- 
ably r<0.5, with equiaxed grains with size <0.5 urn and a total 
thickness <1.5 nn and preferably >0.1 Jim. 

- a layer of TiCxNyO^ with x+y+z«l, preferably with z=0 and 
x>0.3 and y>0 . 3 . with a thickness of 1-6 fim, preferably 2-5 inn. 
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with columnar grains and with an average diameter of about <5 \m 0 



preferably 0.1-2 Jim 

- a layer of a smooth, fine-grained (grain size about 0.5-2 Jim) 
AI2C3 consisting essentially of the K-phase. However, the layer may 
contain snail amounts, i-3 vol*%# of the 0- or the a-phases as de- 
termined by XRD-measurement . The AI2O3 -layer has a thickness of 
3.5-5 Jim, preferably 0.5*2 Jim, and most preferably 0.5-1.5 fin. 
Preferably, this Al203~layer is followed by a further layer (<1 ji 
m, preferably 0.1-0.5 Jim thick) of TiN, but the AI2O3 layer zan be 
the outermost layer. This outermost layer, AI2O3 or TiN, has a 
surface roughness R-tax^ 0 * 4 over a length of 10 nm. The TiN- 
layer, if present, is preferably removed along the cutting edge. 

According to the method of the invention a WC-Co-based cemented 
carbide body is made with a highly W-alloyed binder phase with a 
CT-raLio according to above and a content of cubic carbide accord- 
ing to above and a WC grain size according to above and preferably 
without a binder phase enriched surface zone, a first (innermost) 
layer of TiC x NyO z with x+y+z»l, preferably z<0.5, with a thickness 
of < 1.5 Jin, and with ecjuiaxed grains with size <0.5 Jim using known 
CVD-methods . 

- a layer of TiC x NyO z x«-y*z = l, preferably with z=0 and x >0.3 
and y>3.3, with a thickness of 1-6 Jim, preferably 2-5 Jim, with co- 
lumnar grains and with an average diameter of about <5 Jim, prefer- 
ably <2 Jim, using preferably MTCVD- technique (using acetonitrile 
as the carbon and nitrogen source for forming the layer in the 
temperature range of 700-900 °C) . The exact conditions, however, 
depend to a certain extent on the design of the equipment used. 

- a smooth AI2O3 -layer essentially consisting of K-AI2O3 is de- 
posited under conditions disclosed in e.g. EP-A-523 021. The AI2O3 
layer has a thickness of 0.5-5 Jim, preferably 0.5-2 Jim, and most 
preferably 0.5-1.5 Jim. Preferably, a further layer (<1 Jim, prefer- 
ably C.l-0.5 Jim thick) of TiN is deposited, but the AI2O3 layer 
can be the outermost layer. This outermost layer, AI2O3 or TiN, 
has a surface roughness R^^O . 4 Jim over a length of 10 vun. The 
smooth coating surface can be obtained by a gentle wet-blasting 
the coating surface with fine grained (400-150 mesh) alumina pow- 
der or by brushing (preferably used when TiN top coating is pre- 
sent) the edges with brushes based on e.g. SiC as disclosed e.g. 
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in Swedish patent application 9402543-4. The TiN- layer, if pre- 
sent, is preferably removed along the cutting edge. 

Exa-tnle 1 

A. A cemented carbide milling tool in accordance with the in- 
vention, inserts of style SEKN 1204 AZ with the cccnposition 9.1 
wt-% Co, 1.25 wt-% TaC, 0.30 wt-% KbC and balance WC, with a 
binder phass highly alloyed with W corresponding to a CW-ratio of 
C.86 were coated with a 0.5 |tm equiaxed TiCN-layer (with a high 
nitrogen content corresponding to an estimated C/N-ratio of 0.C5) 
followed by a 4 (in thick TiCN-layer with columnar grains by using 
KTCVD- technique ( temperature 885-850 °C and CH3CN as the car- 
bon/nitrogen source) . In subsequent steps during the same coating 
cycle, a 1.0 Um thick layer of AI2O3 was deposited using a tem- 
perature 970 °C and a concentration of H2S dopant of 0.4 % as dis- 
closed in SP-A-523 021. A thin (0.3 \im) layer of TiN was deposited 
on top according to known CVD- technique. XRD-measuremer.t showed 
that the AI2O3 -layer consisted of 100 % K-phase. The cemented car- 
bide body had a WC grain size in average of 1.65 urn. The coated 
inserts were brushed by a nylon straw brush containing SiC grains. 
Sxar.i nation of the brushed inserts in a light microscope showed 
that the thin TiN- layer had been brushed away only along the cut- 
ting edge leaving there a smooth Al2C>3-layer surface. Coating 
thickness measurements on cross sectioned brushed samples showed 
no reduction of the coating along the edge line except for the 
outer TiN- layer that was removed. 

3. A strongly competitive cemented carbide grade in style SEKN 
12C£ from an external leading carbide producer was selected for 
comparison in a wet milling test. The carbide had a composition of 
9.C wt-% Co, 0.2 wt-% TiC, 0.5 wt-% TaC, 0.1 wt% NbC balance WC 
and a CW-ratio of 0.95. Ihe WC-grain size was 2.5 |im. The insert 
had a coating consisting of a 6 \im TiCN layer and a 0.3 jxn TiN 
layer . 

Insert from A was compared against insert from B in a wet mill- 
ing test in a medium alloyed steel (HB=310) with hot rolled sur- 
faces. Two parallel bars each of a thickness of 35 mm were central 
positioned relatively the cutter body (diameter 100 mm) , and the 
bars were placed with an air gap of 10 mm between then. 
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The cutting data wore; HimxfW* ta» ' 

Speed = 160 ffl/min f 
Feed- 0.20 ma/rev 

Cutting depth* 2 era, single tooth milling with coolant. 
5 A comparison was made after milling 1200 mm. Variant A accord- 

ing to the invention, showed no cozab cracks and variant B shoved 
14 conb crac)cs. After milling 1800 m variant B broke down due to 
a lot of chipping and fracture between the comb cracks. Variant A 
according to the invention lasted 4200 mm corresponding to an ef- 
10 fective tool life of 11 min compared with about 4 xnin for variant 
B. 



A. A cemented carbide milling tool in accordance with the in- 
t5 vent ion, inserts of style SEKN 1204 AZ with the composition 9.1 

wt-% Co, 1.23 wt-% TaC, 0.30 wt-% NbC and balance WC, with a 
binder phase highly alloyed with W corresponding to a CW-ratio of 
0.85 were coated with a 0.5 Jim e<juiaxed TiCN- layer (with a high 
nitrogen content corresponding to an estimated C/N-ratio of 0.05) 

20 followed by a 3.7 jim thick TiCN-layer with columnar grains by us- 
ing mtcvd- technique (temperature 835-850 °C and CH3CN as the car- 
bon/nitrogen source) . In subsequent steps during the same coating 
cycle, a 0.9 nm thick layer of AI2O3 was deposited using a tem- 
perature 970 °C and a concentration of H2S dopant of 0.4 % as dis- 

^5 closed in EP-A-523 021. A thin (0.3 Jim) layer of TiN was deposited 
on top according to known CVD- technique . XRD-measurement showed 
that the AI2O2- layer consisted of 100 % K-phase . The cemented car- 
bide body had a WC grain size in average of 1.6 Jim. 

B. A strongly competitive cemented carbide grade in style SEKN 
30 1204 from an external leading cemented carbide producer was se- 
lected for comparison in a wet milling test. The carbide had a 
corposition of 11.0 wt-% Co, 0.2 wt-% TaC, 0.3 wt% NbC balance WC 
and a CW-ratio of 0.90. rhe insert had a coating consisting of a 
0.5 jim e qui axed TiQC layer, 2.0 pun TiOf columnar layer, 2.0 fin K- 

35 AI2O3 -layer and a C.3 TiM-iayer. 

C. A strongly competitive cemented carbide grade in style SEJOJ 
12 04 from an external leading carbide producer. The carbide had a 
composition of 7.5 wt-% Co, 0.4 wt-% TaC, 0.1 wt% NbC, 0.3 wt% TiC 
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balance WC and a CW- ratio of 0.95. The insert had a coating con- 
sisting of a 0.5 \m equiaxed TiCN- layer. 2*1 Jim columnar TiCN- 
layer, 2.2 jua K-AI2O3 -layer and a 0.3 }im TiN-layer. 

Inserts from A were compared against inserts from B and C in a 
wet milling test in a low alloyed steel (HB*190) with hot rolled 
surfaces. Che bare were as very common extremely rusty due to out- 
door stocking. Two parallel bers each of a thickness of 32 mm were 
central positioned relatively the cutter body (diameter 100 mm) . 
and the bars were placed with an air gap of 10 mm between them. 

The cutting data were: 

Speed* 150 m/min, 

Feed= 0.2C mm/ rev 

Cutting depths 2 mm, single tooth milling with coolant. 

The insert C broke after 1100 mm. the insert B broke after 2150 
mrt and the insert A, according to the invention, broke after 2400 
mm . 

In this test all coatings were of similar type, and the major 
difference were on the cemented carbide. The results show that the 
coated cemented carbide according to the invention exhibited 
longer tool life than two important competitor grades containing 
less and more binder phase resp than the coated grade according to 
the invention. 

Sample 3 

A. A cemented carbide milling tool in accordant 3 with the in- 
vention, inserts of style SEXN 1204 AZ with the composition 9.1 
wv-% Co, 1.23 wt-% TaC, 0.30 wt-% NbC and balance WC, with a 
binder phase highly alloyed with W corresponding to a CW-ratio of 
0.86 were coated with a 0 . 5 vim equ. T .axed TiCN-layer (with a high 
nitrogen content corresponding to an estimated C/N-ratio of 0.05) 
followed by a 3.7 urn thick TiCN-layer with columnar grains by us- 
ing MTCVD- technique (temperature 885-850 °C and CH3CN as the car- 
bon/nitrogen source) . In subsequent steps during the same coating 
cycle, a 1.1 Jim thick layer of AI2O3 was deposited using a tem- 
perature of 97 0 °C and a concentration of dopant of 0.4 % as 
disclosed in EP-A-523 021. A thin (0.3 Jim) layer of TiN was depos- 
ited on top according to known CVD- technique. XRD-meaeurement 
showed that the Al203-layer consisted of 100 % K-phase. The ce- 
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mented carbide body had a WC grain size in average of 1.7 |im. The 
coated inserts were brushed by a nylon straw brush containing SiC 
grains. Examination of the brushed inserts in a light microscope 
showed that the thin Tin- layer had been brushed away only along 
the cutting edge leaving there a smooth AI2O3 -layer surface. Coat- 
ing thickness measurements on cross sectioned brushed samples 
shoved no reduction of the coating along the edge line except for 
the outer TiN- layer that was removed. 

3. A strongly competitive cemented carbide grade ir. style SEKN 
1204 from an external leading carbide producer- The carbide had a 
composition of 8.0 wt-% Co, 1.9 wt-% TaC, 0.2 wt% NbC. 0.2 wt% TiC 
balance wc and a CW-ratio of 0.85. The insert had a coating con- 
sisting of a 1.1 Mm TiN layer and 3.3 m TiC layer. 

C- A strongly competitive cemented carbide grade in style SEKN 
1204 from an external leading carbide producer. The carbide had a 
composition of 10.0 wt-% Co, 2.0 wt-% TaC, 0.2 wt% TiC. balance WC 
and a CW-ratio of 0.90. The insert had a coating consisting of a 
C.5 pjr. eguiaxed TiCN layer, 3.3 Jim TiCN columnar layer. 0.7 Jim K— 
AI2O3- layer and a 0.5 )ia TiN layer. 

Inserts from A was compared against inserts from B and C in a 
dry milling test in a low alloyed steel (HB*290) with pre machined 
surfaces. A bar with a thickness of 180 mm were central positioned 
relatively the cutter body (diameter 250 mm) 

The cutting data were: 

Specd= 204 m/nin, 

Feed^ 0.22 mm/rev 

Cutting depth- 2 mm, single tooth milling dry conditions. 

Inccrt 3 broke after 5000 mm after comb crack formation and 
chipping. Insert C broke after 5400 mm by similar wear pattern and 
insert A was stopped after 6000 mm without other visible wear than 
a few small comb cracks. 
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1. a cutting tool insert for Rilling low and medium alloyed 
steels with or without raw surfaces during wet or dry conditions 
comprising a cemented carbide body and a coating 

5 characterizedin that said cemented carbide body 

cenprises WC. 8.6-9.5 wt-% Co and 0.2-1.8 wt-% cubic carbides of 
Ta, Ti and Nb. with Ti present on a level corresponding to a tech- 
nical impurity, and a highly W-alloyed binder phase with a CW-ra- 
tio of 0.78-0.93 and in that said coating comprises 

10 _ a first (innermost) layer of TiCxNy0 2 with x*y*z-l, prefer- 

ably z<0.5. with a thickness of 0.1-1.5 urn. and with equiaxed 
grains with size <0.5 Urn 

_ a layer of TiCxNyO z with x+y«-z=l, preferably with z=0 and 
x>0.3 and y>0.3. with a thickness of 1-6 um with columnar grains 

15 with a dianeter of about <5 um 

- a layer of a smooth, fine-grained (0.5-2 um) K-AI2O3 with a 
thickness of 0.5-5 ur. and 

- preferably an outer layer of TiN with a thickness of <1 Um. 

2. Milling insert according to claim 1 

20 characterized in that the cemented carbide has the 

con-position 8.8-9.4 wt-% Co and C.4-1.8 wt% carbides of Ta and Nb. 

3. Milling insert according to any of the preceding claims 
characterized in a CW-ratio of 0.82-0.90. 

4. Milling insert according to any of the preceding claims 

^3 characterized in that the outermost TiN- layer, if pre- 
sent, has been removed along the cutting edge. 

5. Method of making a milling insert comprising a cemented car- 
bide body and a coating characterized in that WC-Co- 
based cemented carbide body with a highly W-alloyed binder phase 

**0 with a CW- ratio of 0.78-0.93 is coated with 

- a first ( innermost) layer of TiC^NyOj with x*y+z*l. prefer- 
:. ably 7.<3.5. with a thickness of 0.1-1.5 um. with equiaxed grains 
'\ m with size <0 . 5 um using known CVD-methods 

•; ; _ a layer of TiCxNyO z with x*y*z=l. preferably with z=C and 

♦35 x>0 . 3 and y>0.3, with a thickness of 1-6 um with columnar grains 
'.I* with a dianeter of about <5 Um deposited by MTCVD- technique, using 

acetonitrile as the carbon and nitrogen source for forming the 
:': layer in a preferred temperature range of 850-900 ©C. 
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- a layer of a smooth X-AI2O3 with a thickness of 0 . 5-5 pa and 

- preferably a layer of TIN with a thickness of <1 \xm. 

6. Method according to the previous claim characteri z ed 
in that said cemented carbide body has a cobalt content of 8.8-9.4 
wt% and 0.4-1.8 wt% cubic carbides of Ta and Nb. 

7. Method according to any of the claims 5 and 6 
characterized in a CW-ratio of 0.82-0.90. 

8 . Method according to any of the claims 5. 6 and 7 
characterized in that the outermost TiN-layer. if pre- 
sent, is removed along the cutting edge. 
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The present invention discloses a coated milling insert par- 
ticularly useful for milling in low and medium alloyed steals with 
or without raw surface zones during wet or dry conditions. The in- 
sert is characterised by WC-Co cemented carbide with a low content 
of cubic carbides and a highly W-alloyed binder phase and a coat- 
ing including an innermost layer of TiCxMyO, with columnar grains 
and a top layer of TiN and an inner layer of K-AI2O3 . 
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Fig. 1 



